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(g) Pixel defect removing circuit for solid-state image pickup device. 



(57) From an input video signal, a pixel value of a 
pixel of notice noted at a certain time t and a 
proximal pixel group adjacent two-dimension- 
ally around the pixel of notice are sampled, and 
maximum and minimum values from the 
proximal pixel value group are selected as can- 
didate pixel value group, and by performing 
specific operation between the pixel value of 
the pixel of notice and the candidate pixel value 
group, it is judged whether a pulse noise is 
contained in the pixel of notice or not, and on 
the basis of the judgement, a pixel value is 
selected from the pixel value of the pixel of 
notice and the candidate pixel value group and 
delivered. 
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The present invention relates to a circuit for 
removing pulse noise components superposed on a 
video signal delivered from a solid-state image pickup 
device having pixel defect. 

In image pickup devices such as video camera, 5 
recently, solid-state pickup devices are often used in 
the optoelectric conversion unit. When the output sig- 
nal of the solid-state image pickup device is displayed 
by a monitor device and the video signal is observed, 
pixel defects known as white spots or black spots are w 
sometimes observed in the picture. Such pixel defects 
are very obvious even if they are small in size, and the 
pickup device with pixel defects cannot be used as a 
commercial product, so that the yield is lowered. 
Besides, pixel defects can occur even after shipping 15 
of products. These problems are peculiar to the solid- 
state image pickup device, and are serious obstacles 
for using the solid-state pickup device. 

Hitherto, as the means for solving the above prob- 
lems, in a first example, as shown in U.S. Patent No. 20 
^ 460524,^Snset positions of pixel deficte^are~storedsn 
ROM or the like, and the pixel defects are correc-1 
t>y using the preceding and succeeding pixels on' 
scanning line at the timing when the output of the 
i-state image pickup device corresponds to-the 25 
3d position in the PROM. 

In-thefirstprior art, the PROM is required as the 
means for storing the position of pixel defects, but 
since the position of pixel defect occurring in the so- 
lid-state pickup device varies device by device, and it 30 
is necessary to investigate the pixel defect position in 
each device and prepare a corresponding PROM, 
which takes to much labor. Further, this method is 
useless for pixel defects occurring after shipping of 
products. 35 

As a second example, as disclosed in the Japan- 
ese Laid-open Patent Application Sho. 61-261974, 
pixel defects are detected by comparison with the 
adjacent pixels positioned in the scanning line direc- 
tion or in the direction vertical to the scanning line 40 
direction with respect to the pixel of notice, and the 
signal value is replaced by the value of one pixel bef- 
ore or the mean value of the preceding and succeed- 
ing pixels, so that the detected pixel defect is 
corrected. 45 

In the second prior art, when detecting pixel 
defects, attention is paid only to the scanning line 
direction or the direction vertical to the scanning line 
direction, but as far as not compared with the pixels 
in oblique directions, fine line segments in oblique so 
directions to the scanning line are detected as pixel 
defects, and all line segments in oblique directions 
may be removed. When correcting pixel defects, the 
value is replaced by one pixel before or the mean 
value of preceding and succeeding pixels, but if there 55 
is a pixel defect on a fine line segment extending in 
the vertical direction to the scanning line direction, the 
line segment may be cut off as a result of correction. 



It is hence a primary object of the invention to pre- 
sent a device for favorably removing pulsive pixel 
defects existing only on one pixel, without removing 
the fine line segments in oblique directions to the 
scanning line direction and without sacrificing the fine 
line segments extending in the vertical direction to the 
scanning line direction, being effective to pixel defects 
occurring after shipping of products, and without 
requiring fabrication of PROM corresponding to each 
device. . 

To achieve the above object, the invention pre- 
sents a pixel defect removing circuit which comprises 
a pixel value group sampler for receiving a video sig- 
nal, and delivering a pixel value of a pixel of notice 
noted at a certain time t and a group of proximal pixel 
values consisting of pixel values of proximal pixels 
adjacent two-dimensionally around the pixel of notice, 
a candidate pixel value group sampler for delivering 
a group of plural candidate pixel values as candidates 
of pixel values to be finally delivered from the circuit 
out of the group of proximal pixel values, a noise 
detector for performing an operation between the 
pixel value of the pixel of notice and the candidate 
pixel values to judge whether a pulse noise is included 
in the pixel of notice or not, and delivering a pixel 
selection signal to instruct which pixel value should be 
delivered out of the pixel value of the pixel of notice 
and the candidate pixel values on the basis of the 
result of judgement, and a pixel value selector for 
selecting and delivering either one pixel value out of 
the pixel value of the pixel of notice and the candidate 
pixel values on the basis of the pixel selection signal. 

In this constitution, the pixel value group sampler 
may preferably pick up pixel values of 3 x 3 pixels out 
of three continuous scanning lines, and define a cent- 
ral pixel as the pixel of notice and the remaining pixels 
as the proximal pixels. Besides, the candidate pixel 
value,group sampler may preferably deliver, as the 
candidate pixel values, two pixel values possessing a 
maximum pixel value and a minimum pixel value, re- 
spectively, in the proximal pixels. Meanwhile, the can- 
didate pixel value group sampler may preferably 
deliver, as the candidate pixel values, two pixel values 
possessing a maximum value between Po and a 
smaller one of Pr and P1, that is, max (min (Pr, P1), 
Po), and a minimum value between Po and a larger 
one of Pr and P1, that is, min (max (Pr, P1), Po), 
among the proximal pixels, supposing a pixel value of 
a pixel existing at the closest position in a pixel group 
existing in the right direction on a scanning line con- 
taining the pixel of notice to be Pr, a pixel value of a 
pixel existing at the closest position in a pixel group 
existing in the left direction on the scanning line to be 
P1, and pixel values of pixels excluding Pr and P1 
from the proximal pixels to be Po. 

This constitution, not requiring to prepare a 
PROM corresponding to each device, is effective to 
pixel defects occurring after shipping of products, and 
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makes it possible to favorably remove pulsive pixel 
defects existing on one pixel only, without removing 
the fine line segments in the oblique direction to the 
scanning line and without sacrificing the fine line seg- 
ments extending in the vertical direction to the scan- s 
ningline. 

Fig. 1 is. an.entire configuration in an embodiment 
of the invention; 

Fig. 2 is a -configuration of a pixel value group 
sampler in an embodiment of the invention. 10 

Fig. 3 is a configuration of a candidate pixel value 
group sampler in a first embodiment of the invention. 

Fig. 4 is a configuration of a noise detector in an 
embodiment of the invention. 

Fig. 5 is a configuration of a pixel value detector 15 
in an embodiment of the invention. 

Fig. 6 is a configuration of a candidate pixel value 
group sampler in a second embodiment of the inven- 
tion. 

Fig. 7 is a layout diagram of pixel of notice and 20 
proximal pixel group in one embodiment of the inven- 
tion. . :w ;.- 

Fig. 8 is.anoperation explanatory diagram in the 
first embodiment of the invention. 

Fig. 9 is, an operation explanatory diagram in the 25 
second embodiment of the invention. 

Referring now to the drawings, one of the embo- 
diments of the invention is described in detail below. 

In Fig. 1, a pixel value group sampler 2 receives 
a video signal a entered through an input terminal 1, 30 
and delivers a pixel value b of the pixel of notice, and 
a proximal pixel value group c consisting of pixel 
values of NxM-1 pixels excluding the pixel of notice 
from the pixel group adjacent two-dimensionally for N 
pixels in the scanning line direction about the pixel of 35 
notice and M lines in the direction orthogonal to the 
scanning line. 

Fig. 2 is a specific configuration diagram of the 
pixel value group sampler 2. In Fig. 2, it shows an 
example of composition of M=N=3 in the explanation 40 
of operation of the pixel value group sampler 2, which 
is composed of two vertical delay units and six hori- 
zontal delay units. The horizontal delay unit is inten- 
ded to deliver a signal by delaying the input signal by 
the scanning time for the portion of, for example, one 45 
pixel, while the vertical delay unit is designed to 
deliver a signal by delaying the input signal by one 
horizontal scanning time. Meanwhile, Fig. 7 shows a 
layout example of the pixel of notice on the scanning 
line and proximal pixel group, in which pixels num- so 
bered from 1 to 8 compose the proximal pixel group 
c, and the pixel of notice b is located in the center of 
the proximal pixel group. 

In Fig. 2, the video signal a is connected to a hori- 
zontal delay unit 11, and the output of the horizontal 55 
delay unit 11 is connected to a horizontal delay unit 
12. When signals are taken out from three positions, 
that is, the input end of the horizontal delay unit 11, 



the output end of the horizontal delay unit 11, and the 
output end of the horizontal delay unit 12, pixel values 
c3, c2, d at positions corresponding to proximal 
pixels 3, 2, 1 in Fig. 6 are obtained, respectively. The 
video signal a is also connected to a vertical delay unit 
17, and when horizontal delay units 13, 14 are con- 
nected in series to the output end of the vertical delay 
unit 17, similarly, pixel values c5, b, c4 at the positions 
corresponding to the proximal pixel 5, pixel of notice 
and proximal pixel 4 in Fig. 6 are obtained. Further- 
more, at the output end of the vertical delay unit 17 in 
Fig. 2, a vertical delay unit 18 is connected, and when 
horizontal delay units 15, 16 are connected in series 
to the output end of the vertical delay unit 1 8, similarly, 
pixel values c8, c7, c6 at positions corresponding to 
proximal pixels.8, 7, 6 in Fig. 6 are obtained. When the 
pixel value group sampler is composed in this man- 
ner, the pixel value b of the pixel of notice and the 
proximal pixel value group c may be delivered simul- 
taneously from plural output terminals. 

In Fig. 1, the candidate pixel value group sampler 
3 delivers a candidate pixel value group from the 
proximal pixel value group c delivered simultaneously 
from the pixel value group sampler 2. The candidate 
pixel value group is composed of two pixel values, 
Ymax and Ymin, supposing the maximum pixel value 
in the proximal pixel value group c to be Ymax and the 
minimum pixel value to be Ymin. 

Fig. 3 is a specific configuration of the candidate 
pixel value group sampler 3. Fig. 3, in conjunction with 
the explanation of the pixel value group sampler 2, 
shows an example of composition of candidate pixel 
value group sampler 3 in which the proximal pixel 
group is composed of 8 pixels, comprising a maximum 
value circuit 22 having eight input terminal groups and 
a minimum value circuit 23 having eight input terminal 
groups. The maximum value circuit 22 samples and 
delivers the maximum pixel value (Ymax) out of the 
input proximal pixel value group c. The minimum 
value circuit 23 samples and delivers the minimum 
pixel value (Ymin) out of the input proximal pixel value 
group c. 

In. Fig. 1, the noise detector 4 judges if noise is 
contained in the pixel of notice or not, from the pixel 
value b of the pixel of notice delivered from the pixel 
value group sampler 2, and Ymax and Ymin delivered 
from the candidate pixel value group sampler 3, and 
delivers the result of judgement as control signal. 
The.control signal is composed of SELmax which is a 
signal for selecting Ymax, and SELmin which is a sig- 
nal for selecting Ymin. 

Fig. 4 is a specific configuration of the noise 
detector 4, which is composed of two subtractors, two 
comparators, and two threshold setters. A subtractor 
33 subtracts Ymax from the pixel value of the pixel of 
notice, and generates the difference (hereinafter DIF- 
max). A comparator 34 compares DIFmax with the 
threshold value delivered from a threshold generator 
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35 (THmax hereinafter), and makes active the signal 
SELmax for selecting Ymax if DIFmax > THmax as 
Condition 1, and makes SELmax inactive if Condition 
1 is not established. A subtracter 36 subtracts the 
pixel value of the pixel of notice from Ymin, and gen- 5 
erates the difference (DIFmin). A comparator 37 com- 
pares DIFmin with the threshold value delivered from 
a threshold generator 38 (THmin), and makes active 
the signal SELmin for selecting Ymin if DIFmin > 
THmin as Condition 2, and makes SELmin inactive if w 
Condition 2 is not established. 

Generally; due to the spatial low pass filter effect 
by lens or the like, the amplitude of the high frequency 
component (detail) of the video signal as the output of 
optoelectric conversion element is small, and if pulse 15 
noise is not contained in the pixel of notice, the diffe- 
rential portion of the proximal pixel group with respect 
to the pixel of notice becomes smalL Therefore, if 
THMax and THmin are set extremely small for the 
maximum value of pixel value, the detail component 20 
of the video signal may be lost, or if set extremely 
large, the defect itself cannot be detected.vand hence . 
it is required to set properly. 

In Fig. 1, the pixel value selector 5 receives the 
pixel of notice delivered from the pixel value group 25 
sampler 2, Ymax and Ymin delivered.from the candi- 
date pixel value group sampler 3, and SELmax, SEL- 
min delivered from the noise detector 4, and delivers 
any one of the pixel value of pixel of notice, Ymax and 
Ymin to the output terminal 1 on the basis of SELmax, 30 
SELmin. 

Fig. 5 is a specific configuration of the pixel value 
selector 5, which is composed of one multiplexer 47. 
The multiplexer 47 receives the pixel value of the pixel 
of notice, Ymax and Ymin, and when both SEL- 35 
max.and SELmin are both inactive, the pixel value b 
of the pixel of notice is delivered to the output terminal 
6, and when SELmax is active and SELmin is inactive, 
Ymax is delivered to the output terminal 6, and when 
SELmax is inactive and SELmin is active, Ymin is deli- 40 
vered to the output terminal 6. As understood from the 
explanation of the noise detector 4, it is impossible 
that both SELmax and SELmin are active, owing to 
the condition of output of SELmax and SELmin. 

Referring then to Fig. 8, the operation of the 45 
invention is described below. In Fig. 8a, all pixel 
values of P01, P11, P21, P14 are 100, the pixel value 
of P 16 is 0, the pixel value of P18 is 70, and the pixel 
values of all other pixels are 50, and THmax and 
THmin are 30, for example. 50 

Supposing the pixel of notice to be Pit, Ymax 
delivered from the candidate pixel value group sam- 
pler 3 is 1 00, and Ymin is 50, and by the noise detector 
4, DIFmax is 0 and Dlmin is -50, and Conditions 1,2 
are not established, and both SELmax and SELmin 55 
are inactive, and the pixel value of the pixel of notice 
P11 is delivered by the pixel value selector 5. When 
the pixel of notice is P01, P21, similarly, the pixel 



value of P01 or P21 is delivered, and the line segment 
in the vertical direction to the scanning line composed 
of P01, P1 1, P21 will be preserved. The same holds 
true also in the line segment in the oblique direction 
to the scanning line. 

By the way, when the pixel of notice is P14, both 
Ymax and Ymin are 50, and DIFmax is 50 and DIFmin 
is -50, and only Condition 1 is established, and SEL- 
max is active and SELmin is inactive, and the pixel 
value selector 50 delivers 50 as pixel value, and P14 
is replaced to be flat with respect to the pixel value of 
the surrounding pixels. If the pixel of notice is P16, 
contrary to the operation when P14 was the pixel of 
notice, only Condition 2 is established, and SELmax 
is inactive and SELmin is active, and the pixel value 
selector 5 delivers 50 as pixel value, and P17 is also 
replaced so as to be flat with respect to the pixel value 
of the surrounding pixels. 

Or when the pixel of notice is P18, DIFmax is 20 
and DIFmin is -20, and either Condition 1 nor 2 is 
established, and the pixel value selector 5 directly 
delivers the pixel value of.P18 as, it is, and the detail 
portion included in the original video signal is preser- 
ved. 

Finally, the output as shown in Fig. 8b is obtained, 
and only the pixel defect can be eliminated without 
spoiling the useful video information. 

Incidentally, in the explanation of the pixel value 
group sampler 2, the horizontal delay unit is supposed 
to delay for the scanning time of one pixel portion only, 
but in single plate color imaging system, color filters 
may be disposed in stripes in the longitudinal direc- 
tion. In such a case, by using horizontal delay units for 
delaying for the portion of the period of the color filters 
of the same color disposed on stripes, pixel defects 
can be removed from the output the solid-state image 
pickup device possessing striped configuration of 
color filters. 

As a second embodiment, next is explained an 
example of removing pixel defects contained in the 
signal delivered from the solid-state pickup device 
having color filter arrangement on the basis of single 
chip CCD color difference method. 

In the foregoing first embodiment, that the pixel 
defect can be removed by comparison between the 
pixel of notice and proximal pixel group is realized on 
the first condition that the pixel of notice and its 
proximal pixel group are of similar signal type (for 
example, comparison between brightness signals), 
and the second condition that the pixel defect occurs 
independently, and is low in correlation between 
defective pixel and proximal pixel. However, nothing 
has been considered about the color filter arrange- 
ment on the basis of the single chip CCD color differ- 
ence method. In the single chip CCD color difference 
method, if the output of the solid-state image pickup 
device is entered in the device of the first embodiment 
directly, other type of color differential information is 
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contained among the proximal pixels, and the first 
condition is not established, and therefore it is neces- 
sary to sample preliminarily the brightness signal or 
color difference signal from the output of the solid-sta- 
te pickup device. To obtain brightness signal or color 
difference signal, it is necessary to execute filter pro- 
cessing,, but by passing through the filter, the noise 
component of- the defective pixel diffuses into adja- 
cent ^pixels, and-* the second condition is not 
established, and hence it was difficult to remove the 
noise in . the first embodiment. 

To generate brightness signal from the output of 
the solid-state pickup device having color filter array 
on the basis of the complete color differential linear 
sequential single chip CCD color system, generally it 
is generated by using a digital filter having the charac- 
teristic of (1 + Z" 1 ), and the color difference signal is 
generated by using a digital filter having the charac- 
teristic of ( 1 - Z- 1 ), and therefore the defect component 
is diffused in the scanning line direction. Since the 
range of pixels diffused by the filter is within one pixel 
adjacent in the scanning line direction, it is necessary 
to judge on the' basis of the proximal pixel group exc- 
luding the adjacent pixel including defect out of the 
pixels before and after the pixel of notice. To remove 
the adjacent pixel containing defect, if the pixel of 
notice has a white spot, the larger one of the preced- 
ing and succeeding pixels is removed, and if the pixel 
of notice has a black spot, the smaller one of the pre- 
ceding and succeeding pixels is removed. In other 
words, in the proximal pixel value group, the pixel 
value of the pixel existing at the closet position in the 
pixel group existing in the right direction on the same 
scanning line as the pixel of notice is supposed to be 
Pr, the pixel value of the pixel existing at the closest 
position in the pixel group existing in the left direction 
on the same scanning line to be P1, and the pixel 
value group excluding Pr, P1 from the proximal pixel 
value group to be Po, the white spot is judged by com- 
paring the pixel of notice with the maximum value be- 
tween the smaller one of Pr, P1 and Po, that is max 
(min (Pr, P1), Po). Likewise, the black spot is judged 
by comparing the pixel of notice with the minimum 
value between the larger one of Pr, P1 and Po, that 
is, min (max (Pr, P1), Po). 

Fig. 1 is a schematic block diagram in a first 
embodiment of the invention, and the constitution is 
similar in the second embodiment, too, and the follow- 
ing explanation is given by reference to Fig. 1. In Fig. 
1, in the second embodiment, the input terminal 1 is 
provided with brightness signal or color difference sig- 
nal obtained by executing digital filter on the output of 
the solid-state pickup device having a col or filter array 
on the basis of the complete color differential line 
sequential single chip CCD color system. 

In Fig. 1, the candidate pixel value group sampler 
3 delivers Ymax which is the maximum pixel value be- 
tween the smaller pixel value of c4 and c5 and the 



remaining proximal pixel value group, and Ymin which 
is the minimum pixel value between the larger pixel 
value of c4 and c5 and the remaining proximal pixel 
value, from the pixel value group c of the proximal 
5 pixel groups delivered simultaneously from the pixel 
value group sampler 2. These Ymax and Ymin are 
candidate pixel value groups. 

Fig. 6 is a specific constitutional example of the 
candidate pixel value group sampler 3. In Fig. 6, in 

10 conjunction with the explanation of the pixel value 
group sampler 2, this is to show an example of con- 
stitution of the candidate pixel value group sampler 3 
in which the proximal pixel group is composed of 8 
pixels, which is composed of maximum value circuit 

15 51 and minimum value circuit 50 having two input ter- 
minal groups, and maximum value circuit 53 and mini- 
mum value circuit 52 having seven input terminal 
groups. The minimum value circuit 50 delivers the 
smaller one of the pixel values of c4 and c5 positioned 

20 one picture before and after the pixel of notice out of 
the proximal pixel value group c being entered, and 
the maximum value circuit 52 samples and delivers 
the maximum pixel value (Ymax) out of the output of 
the minimum value circuit 50 and the remaining 

25 proximal pixel value groups d , c2, c3, c6, c7, c8. The 
maximum value circuit 51 delivers the targest one of 
the pixel values out of c4 and c5 positions one pixel 
before or after the pixel of notice among the proximal 
pixel value group c being entered, and the minimum 

30 value circuit 53 samples and delivers the minimum 
pixel value (Ymin) out of the output of the maximum 
value circuit 51 and the remaining pixel value groups 
c1, c2, c3, c6, c7, c8. 

In Fig. 1, meanwhile, the constituent elements 

35 other than the candidate pixel value group sampler 3 
are same as in the first embodiment, and the expla- 
nation is omitted. 

Referring now to Fig. 9, the operation of the sec- 
ond embodiment of the invention is explained below. 

40 Fig. 9 is a partially cut-out view of the video signal in 
one field, in which the axes of the scanning line and 
the component vertical to the scanning line are plotted 
in the horizontal direction and depthwise direction, re- 
spectively, and the pixel values are shown in the ver- 

45 tical direction. Fig. 9a is an example of signal 
delivered from the solid-state pickup device having a 
color filter array on the basis of the complete color dif- 
ferential linear sequential single plate color system. 
For the simplicity of explanation, a monochromatic 

so picture is shown. Fig. 9b shows a signal after execu- 
tion of digital filter having the characteristic of (1 + Z~ 1 ) 
on the signal in Fig. 9a, and this signal is fed to the 
input terminal 1 in Fig. 1. Fig. 9c shows a signal deli- 
vered from the output terminal 1 in Fig. 1 after input 

55 of the above signal. 

In Fig. 9a, S01 , S1 1 , S21 express sharp line seg- 
ments existing in the vertical direction to the scanning 
tine, and S14 denotes a white spot and S16 a black 
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spot, and S18 expressed a fine detail included in the 
original picture. Here, all of pixel values of S01 t S11, 
S21 , S1 4 are 200, the pixel value of S1 6 is 0, the pixel 
value of S18 is 140, and all of pixel values of the 
remaining pixels are 100, for example, in Fig. 9b, by 5 
the d ig ital filter, all pixel values of P01 . P02, P 1 1 , P1 2, 
P21, P22, P14, P15 are 150, the pixel values of P16, 
P17 are 50 t the pixel values of P18, P19 are 70, and 
all pixel values of the remaining pixels are 100. 

Suppose THmax and THmin are both 30. 10 

Assuming the pixel of notice to be P 1 1 , Ymax deli- 
vered from the candidate pixel value group detector 3 
is 150 and Ymin is 100, and at the noise detector 4, 
DIFmax is 0 and DIFmin is -50, and neither Condition 
1 nor 2 is established, and both SELmax and SELmin 15 
are inactive, and the pixel value of the pixel of notice 
P11 is delivered by the pixel value selector 5. When 
the pixel of notice is P01, P02, P12, P21 orP22, simi- 
larly, the pixel value of the pixel of notice is delivered, 
and the line segment in the vertical direction to the 20 
scanning line composed of POi, P02, P11, P12, P21, 
P22 Is preserved. The same holds true also in the line 
segments in the oblique direction and horizontal 
direction to the scanning line. 

Or if the pixel of notice is P14 or P1 5 t both Ymax 25 
and Ymin are 100, and DIFmax is 50 while DIFmin is 
-50, and only Condition 1 is established, and SELmax 
is active and SELmin is inactive, and the pixel value 
selector 5 delivers 100 as the pixel value, so that P14 
and P15 are replaced to be flat to pixel values of the 30 
surrounding pixels. When the pixel of notice is P16 or 
P17 t contrary to the case in which P14 or P15 is the 
pixel of notice, only Condition 2 is established, and 
SELmax is inactive and SELmin is active, and the 
pixel value selector 5 delivers 100 as the pixel value, 35 
and therefore P16 and P17 are replaced so as to be 
flat to the pixel value of the surrounding pixels. 

When the pixel of notice is P1 8, Dl Fmax is 20, and 
DIFmin is -20, and neither Condition 1 nor 2 is 
established, and the pixel value selector 5 delivers the 40 
pixel value of P18 directly, and the detail component 
included in the original video signal is preserved. 

Finally the output as shown in Fig. 9c is obtained. 

Or, in other method than the single plate color dif- 
ferential color method, if the pixel defect spreads in 45 
the horizontal direction, the pixel defects may be 
eliminated in such constitution as in the second embo- 
diment. 



Claims 

1. A pixel defect removing circuit comprising: 

a pixel value group sampler for receiving a 
video signal, and delivering a pixel value of a pixel 55 
of notice noted at a certain time t and a proximal ■ 
pixel value group consisting of pixel values of a 
group of proximal pixels adjacent to the pixel of 



notice two-dimensionally around the pixel of 
notice; 

a candidate pixel value group sampler for 
delivering a group of plural candidate pixel values 
as candidates of pixel values to be finally deliv- 
ered from the circuit out of the proximal pixel 
values; 

a noise detector for performing an oper- 
ation between the pixel value of the pixel of notice 
and the candidate pixel values to judge whether 
a pulse noise is included in the pixel of notice or 
not, and delivering a pixel selection signal to 
instruct which pixel value should be delivered out 
of the pixel value of the pixel of notice and the 
candidate pixel values on the basis of the result 
of judgement; and 

a pixel value selector for selecting and 
delivering either one pixel value out of the pixel 
value of the pixel of notice and the candidate pixel 
values on the basis of the pixel selection signal. 

2. A pixel defect removing circuit of claim 1 , wherein 
the pixel value group sampler passes an input 
signal through a multi-stage vertical delay circuit 
composed of cascade connection of n scanning 
line delay units for delaying for a time correspond- 
ing to one scanning line period, and picks up res- 
pective signals from input and output of the 
multi-stage vertical delay circuit and signal aires 
among the scanning line delay units, thereby 
creating m+1 video signals delayed in every one 
scanning line period, and each one of the gener- 
ated m+1 video signals is passed into a multi-sta- 
ge horizontal delay circuit composed of cascade 
connection of m pixel delay units for delaying for 
a time corresponding to a display period of x 
pixels, and each signal is taken out of input and 
output of n+1 multi-stage horizontal delay circuits 
and signal wires in the pixel delay units so as to 
obtain a group of (n + 1)*(m +1) pixel values 
adjacent two-dimensionally, and the pixel value 
of a specific position among the pixel value group 
is selected as the value of the pixel of notice, 
while the remaining pixel values are delivered as 
the proximal pixel value group, where x, m, n are 
integers of 1 or more. 

3. A pixel defect removing circuit of claim 2, wherein 
the pixel value group sampler is m = n = 2. 

4. A pixel defect removing circuit of claim 2, wherein 
both m and n are even numbers as for pixel value 
group sampler, and the position of the pixel of 
notice is position in the two-dimensional center of 
(n + 1)*(m + 1) pixels. 

5. A pixel defect removing circuit of claim 1 , wherein 
the candidate pixel value group sampler delivers 
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at least two pixel values as the candidate pixel 
values, out of one having a maximum pixel value 
and one having a minimum pixel value out of the 
proximal pixel value group delivered from the 
pixel value group sampler. 5 

6. A pixel defect removing circuit of claim 1 , wherein 
the candidate pixel value group sampler delivers, 
supposing.a pixel value of. a pixel existing at the 
closest position in the pixel group existing in the w 
right direction on a scanning line containing the 
pixel of notice, in the proximal pixel value group 
delivered from the pixel value group sampler, to 

be Pr, a pixel value of a pixel existing at the closet 
position in the pixel group existing in the left direc- 15 
tion of the scanning line to be P1, and the pixel 
value group excluding Pr t Pr from the proximal 
pixel value group to be Po, at least two pixel 
values, as the candidate pixel values, that is, a 
maximum value between a smaller one of Pr, P1 20 
and Po, or max (min (Pr, P1 ) t Po), and a minimum 
value between a larger one of Pr, P1 and Po, or 
min (max.(Pr, P1), Po). 

7. A pixel defect removing circuit of claim 1 , wherein 25 
. the noise detector judges that a pulse noise is 

included in .the pixel of notice when the value of 
the pixel of notice has a larger value than a speci- 
fic threshold value as compared with Pmax, sup- 
posing a largest value in the candidate pixel value 30 
group to be Pmax, and delivers a pixel selection 
signal to instruct to select the Pmax among, the 
candidate pixel value group. 

8. A pixel defect removing circuit of claim 7 t wherein 35 
the pixel value selector delivers Pmax when the 
pixel selection signal to instruct to select Pmax 
among the candidate pixel value group is 
entered, and otherwise delivers the pixel of notice 

as it is. 40 

9. A pixel defect removing circuit of claim 1 , wherein 
the noise detector judges that a pulse noise is 
contained in the pixel of notice when the pixel 
value of the pixel of notice has a smaller value 45 
than a specified threshold value as compared 

with Pmin, supposing a smallest value in the can- 
didate pixel value group to be Pmin, and delivers 
the pixel selection signal for instructing to select 
Pmin among the candidate pixel value group. so 

1 0. A pixel defect removing circuit of claim 9, wherein 
the pixel value selector delivers Pmin when the 
pixel selection signal to instruct to select Pmin 
among the candidate pixel value group, and 55 
otherwise delivers the pixel of notice as it is. 
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